The purposes of this study were to determine the accuracy and reliability of step counts and energy expenditure as estimated by a pedometer during treadmill walking and to clarify the relationship between step counts and current physical activity recommendations. Methods: One hundred males (n = 50) and females (n = 50) walked at stride frequencies (SF) of 80, 90, 100, 110, and 120 steps/min, during which time step counts and energy expenditure were estimated with a Walk4Life Elite pedometer. Results: The pedometer accurately measured step counts at SFs of 100, 110, and 120 steps/min, but not 80 and 90 steps/min. Compared with energy expenditure as measured by a metabolic cart, the pedometer significantly underestimated energy expenditure at 80 steps/min and significantly overestimated measured energy expenditure at 90, 100, 110, and 120 steps/ min. Conclusions: The pedometers' inability to accurately estimate energy expenditure cannot be attributed to stride length entered into the pedometer or its ability to measure step counts. Males met 3 criteria and females met 2 criteria for moderate-intensity physical activity at SF of 110 to 120 steps/min. These results provide the basis for defining moderate-intensity physical activity based on energy expenditure and step counts and may lead to an appropriate steps/day recommendation.
Physical activity is one of the determinants of health identified in the objectives of Healthy People 2020. 1 Given the direct relationship between physical inactivity and many chronic diseases, minimal physical activity recommendations targeted to the general public have been published. [2] [3] [4] In 2008, the U.S. Department of Health and Human Services clearly established increased physical activity as a public health initiative when it published guidelines recommending at least 150 minutes of moderate-intensity physical activity or 75 minutes of vigorous aerobic exercised each week or some equivalent combination. 5 Intensity of aerobic exercise can be described in terms of metabolic equivalents (MET). The recommended amount of physical activity is roughly equivalent to at least 450 MET-minutes of physical activity per week. 6 Pedometers are a simple tool for measuring step counts that can be used to track daily physical activity, specifically walking. Although not an official guideline, the accumulation of 10,000 steps/day is commonly promoted as a healthful amount of physical activity. [7] [8] [9] Individuals who accumulate at least 10,000 steps/day are more likely to engage in at least 30 minutes of moderateintensity physical activity than those who do not accumulate 10,000 steps/day. 8 In addition, some individuals who accumulate 10,000 steps/day will not meet the guideline to engage in at least 30 minutes of moderate-intensity physical activity. 8 The dose-response relationship between physical activity and health benefits depends on total energy expenditure due to physical activity. 6 Some pedometers estimate energy expenditure based on step count, stride length, and body weight, making pedometers a potential tool of choice for monitoring energy expenditure during walking. Due to their wide-spread use, there is a need to determine how well pedometers estimate the energy expenditure of walking. Neither of 2 previous studies that used indirect calorimetry to establish a step count cut-point associated with moderate-intensity physical activity compared measured energy expenditure to the pedometer's estimate of energy expenditure. 10, 11 Likewise, previous studies that have measured energy expenditure of walking on a treadmill while wearing pedometers used pedometers that only measured step counts, so even though actual energy expenditure was measured it could not be compared with estimated energy expenditure from the pedometer. 12, 13 To the best of our knowledge, only 1 previously published study has evaluated the accuracy of pedometers to estimate actual energy expenditure of walking. 14 Crouter et al compared measured energy expenditure of only 10 subjects during walking at 5 different treadmill speeds to that estimated by various pedometers, one of which is the same pedometer used in the current study. The details of the amount of rest between trials, randomization of walking speeds, how energy expenditure (kcal) during treadmill walking was calculated, and the reliability of energy expenditure estimates are either not included or not well explained. In addition, the stride length entered into the pedometer, which is used to estimate energy expenditure, was calculated from 20 strides at a normal walking pace rather than actual stride length calculated at each of the 5 treadmill speeds.
Accurate measurement of energy expended during walking is essential to both the promotion of physical activity to the general population and the development of a dose-response relationship between physical activity and various health benefits. To further establish a scientific framework for the physical activity recommendations made to the general public, the purposes of this study were to 1) determine the accuracy and reliability of step counts and energy expenditure as measured by a pedometer; 2) further define the energy expenditure of walking at given stride frequencies (SF; steps/min) with consideration for gender, body mass, height, stride length, leg length, and walking speed (mph); and 3) clarify the relationship between step count and the current physical activity recommendations.
Methods

Description of Participants
A convenience sample of 100 physically active but untrained Caucasian males (n = 50) and females (n = 50) under the age of 50 participated in this study. This study was reviewed and approved by the Institutional Review Board (IRB) for the use of human subjects. Before participating in this study, each participant read and signed an informed consent form and completed a preparticipation questionnaire. Only subjects classified as "low risk" according to the American College of Sports Medicine (ACSM) 15 participated in this study.
Experimental Overview
Each subject walked on a treadmill at level grade for 10 min at each of 5 different stride SFs while metabolic and cardiovascular responses were measured. Based on steady-state metabolic data, the energy expenditure of walking at each SF was calculated and compared with the energy expenditure recorded by the pedometer. Visually measured step counts were compared with step counts measured by the pedometer.
Pedometer
The pedometer used in this study was the WALK4LIFE W4L Elite (formerly model LS 2525) spring-loaded lever arm pedometer (WALK4LIFE, Plainfield, IL). This pedometer was selected because 1 of its 5 functions is an estimate of energy expenditure (kcal). Participants wore the pedometer on the waistband of their shorts or pants at the midline of the thigh according to the manufacturer's recommendation and following the standard protocol for pedometer research. 16 Each pedometer was checked for accuracy using both a walking test and a manual shake test 17 and accurately counted 98% of steps. Pedometers were periodically rechecked for accuracy.
Pre-Exercise Testing Procedures
Subjects were instructed to a) wear comfortable, loosefitting clothing appropriate for exercise; b) drink plenty of fluids over the 24-hour period preceding the test to ensure normal hydration before testing; c) avoid tobacco, alcohol, and caffeine for at least 3 hours before testing; d) avoid consumption of food, other than water, 4 hours before testing; e) avoid exercise or strenuous physical activity the day of the testing; and f) get at least 6 to 8 hours of sleep the night before each test.
Each subject's body composition was estimated using air displacement plethysmography (Life Measurement Instruments, Concord, CA) while wearing a swimsuit or other skintight clothing and a swim cap. Body mass (kg) and height (cm) were measured and recorded to the nearest 0.1 kg and 0.5 cm, respectively, using a weight and height scale (Scale-tronix Model 5005, Wheaton, IL) while wearing minimal clothing and no shoes. Leg length (cm) was measured from the floor to the iliac crest on the right side of the body while barefoot. 18 The average of 2 leg measurements was recorded. Subjects were familiarized with walking on a treadmill and received a standardized verbal explanation of the 15-point rating of perceived exertion (RPE) scale. 19 The explanation included a description of an RPE of 6 as "no effort at all" and an RPE of 20 as "running as hard as you can." While walking at a very slow walking pace (1 mph) the amount of effort was described as a 7 on the RPE scale. Treadmill speed was increased to a brisk pace, and subjects were asked to describe their level of effort or discomfort using the RPE scale. Their perceived level of exertion was repeated back to them and confirmed. Because in this study, the accuracy of pedometers was assessed at walking paces, subjects were familiarized with anchoring the RPE scale only during walking paces.
Exercise Testing
All exercise testing was performed on a motor-driven treadmill (Model TMX425C, Full Vision, Inc., Newton, KS) at level grade. Subjects were fitted with a chest-strap heart rate (HR) monitor (Polar Electro OY, Hong Kong) to measure HR during exercise and a pedometer to wear on the waistband of their shorts as described above.
Metabolic and ventilatory responses to exercise were measured by indirect calorimetry using a Truemax 2400 metabolic cart (Consentious Technologies, Sandy, UT). Before testing each subject, the flowmeter was calibrated using a 3-L syringe at 5 different flow rates. The oxygen (O 2 ) and carbon dioxide (CO 2 ) analyzers were calibrated using room air and a medical grade calibration gas of known concentrations. The metabolic cart was programmed to display and print metabolic and ventilatory data every 15 sec.
Exercise testing consisted of walking on the treadmill at level grade at each of 5 different SF (80 steps/min, 90 steps/min, 100 steps/min, 110 steps/min, and 120 steps/ min). These SFs were selected because they represented a range of slow to fast walking speeds that would include moderate-intensity physical activity for all participants. On the first exercise testing day, subjects walked at 3 randomly selected SFs. Subjects walked in time with a metronome set to the appropriate SF. The speed of the treadmill was adjusted by the investigator so that the subject's step count matched that of the metronome. Subjects were blind to the speed of the treadmill. The metronome was then turned off and the subject's step count was verified by visually counting the number of steps over a 1-min time period. The subject's stride length was calculated based on the speed of the treadmill and the visually counted step counts. With the treadmill still running, the subject straddled the belt of the treadmill while his/her stride length and body weight were entered into the pedometer. After clearing the pedometer step count value, the subject walked at this speed for an additional 6 min during which time metabolic data were collected. The subject's actual step count was visually counted at least twice during the 6 min. The value of 2 visually counted step counts that were the same was recorded as the subject's measured step count (MSC). All step counts were measured be the same investigator. At the end of the 6 min, the subjects stepped off the treadmill belt and the pedometer's 6-min step count (PSC) and energy expenditure (kcal/6min) were recorded from the pedometer. Participants subjectively rated the difficulty of the exercise using the 15-point RPE scale. 19 Participants rested in a seated position for at least 10 min before walking at the next randomly selected SF.
At least 24 hours following the first day of exercise testing, subjects walked at the remaining 2 SFs and repeated walking at 1 of the SFs. The number of subjects walking at each of the SFs a second time was balanced, so that each SF had repeated measures by 20 subjects. This was done to evaluate the reliability of the pedometer's step count and energy expenditure at each SF.
Oxygen consumption (VO 2 ) and respiratory exchange ratio (RER) values over the last 6 min of exercise were averaged for the purpose of calculating steadystate energy expenditure (kcal/min). Energy expenditure at each SF was calculated by multiplying the average steady-state VO 2 (L/min) value by the appropriate caloric equivalent (kcal/L) based on the measured steady-state nonprotein RER value. 20 
Statistical Analysis
The variables that were included in the analysis of data included height (cm), body mass (kg), body mass index (BMI; kg/m 2 ), percent body fat, leg length (cm), MSC (steps/min), pedometer step count (PSC; steps/min), stride length (m), treadmill speed at each stride frequency (mph), steady state VO 2 , HR, RER, RPE, and energy expenditure (kcal/6 min) as estimated by the pedometer and calculated as described above.
SAS statistical software was used for all analyses. Statistical significance was set at P < .05.
Step count and energy expenditure data were analyzed for a gender effect. A linear mixed model was used to account for the correlation structure induced because multiple measurements were made on each subject. Thus, Proc Mixed was used to analyze the differences between the MSC and PSC and the differences between measured and pedometerpredicted energy expenditures (kcal/6min).
Measured energy expenditure (kcal/min) was entered as the dependent variable and measured step count, gender, body mass, height, BMI, leg length, stride length, walking distance, walking speed, and all reasonable 2-way interactions were considered independent variables in a regression analysis to predict measured energy expenditure. The prediction equation was built using data from a validation group consisting of 80% of the subjects. Twenty percent of the subjects were randomly selected and held out during the model building phase and used as the cross validation group. Independent variables were dropped from the model if they were not significant.
When producing an equation to predict outcomes, 2 criteria should be met with respect to both the validation and the cross validation group. First, when predicted values are fit against actual values of each group, the intercept and slope of the line of best fit should be 0 and 1, respectively. Second, the coefficients in the prediction equation should be similar when a prediction equation is generated from the validation and cross validation group. Use of a cross validation group assures that the regression equation does not over-fit the data. When the predicted kcal/min values were regressed against the measured kcal/ min values, the regression line appeared to be curvilinear indicating that a quadratic or interaction term was missing from the initial prediction equation. In addition, when the model was applied to the cross validation group, the coefficients of the independent variables were quite different from the coefficients in the equation built on validation group. This indicated that the coefficients were unstable across samples. A new model was built on data from the validation group using centered MSC and stride length data. Centering data eliminates the correlation between independent variables. Measured step count was centered by subtracting 100 from MSC. Stride length data were centered by subtracting 0.7 from stride length.
Results
Descriptive data of the subjects are shown in Table 1 . As expected, the male subjects on average were taller, heavier and leaner than their female counterparts. Compared with the females, males had a longer leg length, as would be expected because of their taller stature. The average difference in height (14.1 cm) between genders was greater than the difference in leg length (9.2 cm).
Each of the 100 subjects walked at all 5 SF once. Each subject also walked at 1 of the 5 SF a second time so that there were 20 repeated measures at each of the 5 SF. Thus, there were 120 trials at each SF and a total of 600 trials. Table 2 shows the MSC and PSC at each of the 5 stride frequencies. A Proc Mixed analysis revealed that the estimated differences between MSC and PSC were significant at SFs of 80 and 90 steps/min (P < .0001) but not at SFs of 100, 110, and 120 steps/min (P > 0.05). There was not an overall gender effect (P = .5792) in the Note. All values are mean ± standard deviation. Male = 50. Females = 50. Unit values for measured and pedometer step counts are steps/min. * Pedometer step counts significantly less than measured step counts (P < .0001).
differences between MSC and PSC. The estimated difference in the MSC (-0.06 steps/min; P = .93) and the PSC (-4.56 steps/min; P = .48) in the 100 repeated measures trials were not significant. Energy expenditure (kcal/6 min) data at each of the 5 SF are reported in Table 3 . A Proc Mixed analysis revealed that the pedometer significantly (P < .0001) underestimated measured energy expenditure at 80 steps/ min and overestimated measured energy expenditure at 90, 100, 110, and 120 steps/min. The pedometer overestimated measured energy expenditure in 435 of the 589 recorded trials. The overestimates varied by step count but ranged from 0.10 to 21.5 kcal/6min and averaged 5.0 kcal/6 min. The difference between the measured energy expenditures (0.237 kcal/6min; P = .457) and the pedometer estimated energy expenditures (-0.737 kcal/6min; P = .257) in the 100 repeated measures trials was not significant.
The gender-specific regression equations (Table 4) where BMI = body mass index (kg/m 2 ); SFC = stride frequency centered (measured step count (MSC) -100); SLC = stride length centered (measured stride length -0.7). When actual energy expenditure values were regressed against predicted values in the validation group, the intercept (0.053) and slope (1.013) were not significantly different than 0 (t = 1.05, P = .3193) and 1 (t = 1.05, P = .2944), respectively. When the actual energy expenditure values were regressed against predicted values in the cross validation group, the intercept (-0.082) and slope (0.981) were also not significantly different than 0 (t = .38, P = .7085) and 1 (t = -0.50, P = .6161), respectively. Figure 1 shows that the relationship between the predicted value and actual value is linear for both the validation (closed circles) and cross validation (open circles) groups. The greater spread in the data in the cross validation group is because these data were not used to generate the prediction equation. To cross-validate the above regression equation, an equation was derived using the cross-validation group data. None of the coefficients in the equation derived from the cross-validation data were significantly different from the corresponding coefficients when the equation was generated from the validation data. 
Discussion
The results of this study further clarify the limitations to the use of pedometers and provide evidence that can improve the accuracy and efficacy of pedometry to quantify walking as a form of physical activity. To the best of our knowledge, this is the first study to evaluate the accuracy of a pedometer in measuring step counts and estimating energy expenditure over a range of walking stride frequencies.
Step Counts
Our data concur with previous research indicating that pedometers accurately measure step counts at walking speeds of 3 mph (80.4 m/min) and faster but typically undercount steps at slower walking speeds. 14, 16, [21] [22] [23] [24] [25] The results of this study (Table 2) indicate that the W4L Elite pedometer used in this study accurately measured step counts at stride frequencies of 100, 110, and 120 steps/ min, which represented a range of walking speeds of approximately 2.3 mph (61.6 m/min) to 3.7 mph (99 m/min). Hendelman et al 26 argue that errors in counting steps at slow step frequencies are not an important source of error because they do not represent a normal stride frequency during free-living activity in ambulatory populations. It is important to note that in a relatively young and healthy population such as that represented by the participants in this study, the normal self-paced SF was between 100 and 110 steps/min. However, SFs of less than 100 steps/min may be common in children and adolescents and individuals who are obese, elderly, pregnant, injured, or physically unfit. Since pedometers are often used as a health promotion tool to increase walking as a healthful form of physical activity, we argue that a pedometer should be able to accurately measure step counts over a wide range of stride frequencies that represent normal walking speeds for the general population. By way of comparison, accelerometer-based pedometers appear to be remarkably accurate at walking speeds as slow as 1 mph and 2 mph. 13 
Energy Expenditure
Measured energy expenditure (Table 3 ) increased with increasing stride frequency for both males and females. The W4L Elite pedometer did not accurately estimate energy expenditure at all stride frequencies and overestimated measured energy expenditure in most instances. The pedometer uses step count, stride length and body weight in undisclosed proprietary equations to estimate energy expenditure. Because the pedometer accurately measured step counts at SFs of 100, 110, and 120 steps/ min, the overestimation of energy expenditure is unrelated to the pedometer's ability to accurately measure step counts. The manufacturer of the W4L Elite pedometer recommends that stride length be measured by counting the number of steps taken in a 30 foot distance while maintaining a normal walking pace. Crouter et al 14 programmed the pedometer using a stride length calculated from 20 strides at a normal walking pace and reported that the W4L pedometer overestimated measured energy expenditure at 5 different treadmill walking speeds. Because stride length varies with stride frequency 22 we suspected that programming the pedometer with a constant stride length would result in erroneous measures of energy expenditure. Since we programmed the pedometer with the measured stride length at each of the 5 different stride frequencies, the overestimation of energy expenditure by the pedometer cannot be attributed to erroneous stride lengths stored in the pedometer. Our results, together with those of Crouter et al 14 suggest an invalid proprietary equation to estimate energy expenditure based on step count, stride length, and body weight. The results of this study provide evidence suggesting that gender should be included in the prediction algorithm or equation to estimate energy expenditure from pedometry. Compared with females, males tended to have higher VO 2 values at each SF. This can be explained by the gender differences in body weight and body composition (Table 1 ) and walking speeds (mph) at each SF (Table 2) . Of particular interest is that compared with their female counterparts, measured energy expenditure was greater in males at all 5 SFs (Table 3 ). Considering the fact that RER values, and thus caloric equivalent (kcal/L) values, for males and females were similar at each SF (Table  3) , the greater energy expenditure in males at each SF is related to higher measured VO 2 values.
Although the males in this study were taller and had longer leg lengths than their female counterparts (Table 1) , leg length of both males and females represented about 61% of their height. Both males and females achieved higher walking speeds (mph) by increasing both step count and stride length. The males, however, increased stride length to a greater magnitude than did the females in comparison with the increase in stride frequency. Booyens and Keatinge 27 reported that when speed is increased women tend to increase the frequency of their stride rather than increase the length of their stride as compared with men. They also hypothesized that the lower energy expenditure of women when walking at a particular speed may be due to a lesser amount of work that they performed in lifting their bodies vertically.
Reports in the literature concerning gender differences in energy expenditure are inconsistent. Mahadeva, Passmore, and Woolf 28 reported no difference in energy expenditure between genders when walking at 3 mph (80.4 m/min). Booyens and Keatinge 27 reported that men expended more energy than women at walking speeds of 3.4 and 4.0 mph (91.1 and 107.2 m/min). Howley and Glover 29 found the energy expenditure of walking to be higher for women than men. Hall et al 30 reported that males had significantly higher energy expenditures than the females unless the energy expenditure was adjusted for fat-free mass, in which case the gender effect disappeared.
Walking economy remains relatively unchanged at speeds of 2.5 mph (67 m/min) to 3.5 mph (93.8 m/min), but energy expenditure increases as efficiency declines with increasing walking speed. 31 The least amount of energy is expended at self-selected step frequencies at any given speed and walking at "forced" speeds outside of one's normal stride length and stride frequency increases inefficiency and energy expenditure. 32 Thus, to maximize the metabolic benefits of walking, walkers must go beyond a self-selected, comfortable pace. 33 Although a SF of 120 steps/min may be faster than the majority of subjects in this study would self-select, it may in fact be the most beneficial for achieving specific fitness or weight-loss goals. Walking at a higher predetermined step frequency would also improve the accuracy of the pedometer in counting steps and eliminate the concern for changes in stride length.
The gender-specific equations derived from the results of this study include variables that logically affect energy expenditure of walking. Even after accounting for BMI, stride length and stride frequency, gender remained a significant independent variable. Some might view the use of these equations in pedometry as unnecessarily complex when compared with simpler equations that estimate energy expenditure based on step count, stride length, and body weight. Nevertheless, the results of this study provide new evidence for further improvement and refinement of pedometry and the need for continued research. The recent report from the U.S. Department of Health and Human Services 6 indicates that a doseresponse relationship between energy expenditure of physical activity and health benefits does exist. If the underlying objective of promoting moderate-intensity physical activity to the masses is to improve health, research designed to establish accurate estimates of energy expenditure using pedometers should be a priority.
Current Physical Activity Recommendations
Physical activity recommendations made to the general public have, for good reason, emphasized moderateintensity aerobic physical activity. Several definitions of moderate-intensity physical activity based on METs, MET-minutes/week, and energy (kcal) expended in 30 minutes have been used to educate the public.
The U.S. Department of Health and Human Services defines moderate-intensity aerobic activity as 3 to 5.9 METs. 6 In this study, an energy expenditure of at least 3 METs was achieved in 75 of the 120 trials at a stride frequency of 100 steps/min, 100 of the 120 trials at a stride frequency of 110 steps/min, and all of the trials at 120 steps/min. These findings concur with previous reports that moderate-intensity aerobic activity is represented by walking at a pace of at least 100 steps/min. 10, 11, 23 The current physical activity recommendation by the Centers for Disease Control and Prevention is that adults need at least 150 minutes of moderate-intensity aerobic activity each week, at least 75 minutes of vigorous intensity aerobic activity each week, or an equivalent combination of moderate and vigorous intensity aerobic activity. 5 This is equivalent to at least 450 MET-minutes per week. 4, 6 The results of this study indicate that on the average, males and females would accrue at least 450 MET-minutes in the recommended 150 minutes of moderate-intensity aerobic activity per week if they walked at a pace of at least 100 steps/min ( Table 5 ).
The U.S. Department of Health and Human Services suggests that 30 minutes of moderate-intensity physical activity results in an energy expenditure of approximately 150 kcal. 3 Using this as a guideline, the males in this study expended, on the average, 150 kcal at a stride frequency of 110 steps/min or 3300 steps in 30 minutes (Table 5 ). In contrast, the females in this study would only approach an energy expenditure of 150 kcal in 30 minutes at the highest step rate of 120 steps/min. The results of our study concur precisely with those of Leenders et al 34 who suggested that an accumulation of approximately 3300 steps of brisk walking would result in an energy expenditure of 150 kcal/day from physical activity. Our data suggests that for females in particular, accumulating up to 3600 steps in a 30-minute walk does not assure that energy Note. Steps/min and kcal/min data extrapolated to total steps and total kcal for a 30-min walk. MET-min are the number of MET-minutes that would accrue during the currently recommended150 minutes of physical activity per week.
expenditure will meet the recommended 150 kcal. This is true even if 450 MET-minutes are accrued over 150 min/wk of walking. Because the current physical activity guidelines are based on the health benefits of energy expenditure, recommendations that emphasize total steps may be misleading. Our results further underscore the importance of further development of equations for use in pedometers that accurately estimate energy expenditure of walking. To summarize, our results indicate that males can meet all 3 criteria for moderate-intensity aerobic physical activity (ie, METS, 450 MET-minutes in 150/wk of walking, 150 kcal/30 min of walking) at walking paces of 110 to 120 steps/min. While the females in this study met 2 of the 3 criteria at walking pace of 100 to 120 steps/min, they were not able to expend 150 kcal during a 30-minute walk at any of the stride frequencies.
The accumulation of 10,000 steps/day is commonly used to promote increased physical activity. The accumulation of 10,000 steps/day is not a guideline per se, but it can help individuals meet the physical activity guidelines. 35 Unfortunately, the relationship between 10,000 steps/day and other physical activity recommendations is unclear. If we accept that 6000 to 7000 steps/day is indicative of normal daily activity, 9 the remaining 3000 to 4000 steps can be achieved with a more structured walking program. The results of this study indicate that in addition to the 6000 to 7000 steps taken during daily living activities, 30 additional minutes of walking will help individuals reach or exceed the 10,000 steps/day goal.
An important consideration in making a steps/day recommendation is that the accumulated steps counts of many individuals will include low-intensity physical activity which may not provide the same health benefits as moderate-intensity (3-5.9 METs) physical activity. 36 The amount of physical activity required to achieve a particular health benefit varies with the desired health benefit. Although every step may accrue energy expenditure, every step may not count for achieving specific health benefits. 37 For example, according to the Compendium for Physical Activity, 38 walking at 2.5 mph (3 METs) for 30 minutes would accumulate 90 MET-minutes. Walking at 2.0 mph (2.5 METs) for 36 minutes would not count toward meeting the minimal physical activity recommendation even though it would also result in the accumulation of 90 MET-minutes. Although certain levels of low-intensity physical activity may not reach the threshold of current recommendations, we must remember the greater overall objective of initiatives to increase physical activity. Curbing the obesity epidemic justifies promoting all forms of walking since every step accrues energy expenditure. Messages such as "every step counts" are important for encouraging increased physical activity, especially for those who are in the early stages of behavioral change or are unable to exercise at moderate intensities. A simple goal of accumulating 10,000 steps/ day may be motivating for many individuals and thus may be a valuable method for increasing physical activity levels in the general population.
Conclusions
Based on the findings of this study, the popular W4L-Elite pedometer did not accurately measure step counts at SFs of less than 100 steps/min. Nor was it able to accurately estimate measured energy expenditure at any of the 5 SFs used in this study. We suggest that the pedometer's inability to estimate energy expenditure is related to an invalid proprietary equation that does not take into consideration gender or variable stride length, rather than to its ability to measure step counts. The model to predict energy expenditure based on gender, BMI, stride length and SF data collected in this study provides new impetus for further research in the effective use of pedometers.
Walking at higher stride frequencies will maximize the metabolic benefits of walking. Based on the results of this study, we recommend that when possible, a walking pace of 100 to 120 steps/min be used as a guideline for increasing physical activity through walking. Using current definitions of moderate-intensity physical activity, the males in this study were able to meet all 3 criteria while walking at paces of 110 to 120 steps/min, whereas females were only able to meet 2 of the criteria at walking paces of 100 to 120 steps/min.
Despite various recommendations for steps/day to meet current physical activity guidelines, confusion has remained regarding a specific steps/day recommendation that would result in an appropriate physical stimulus and energy expenditure to gain desired health benefits. We are aware of no other studies that have directly related step counts and stride frequency to energy expenditure. The results of this study provide the basis for defining moderate-intensity physical activity based on step counts and may lead to an appropriate steps/day recommendation. In addition, results from this study provide the basis for increasing the utility of the pedometer. Further studies should continue to investigate the association between stride frequency and energy expenditure. Results from this and future studies can be used to increase the accuracy of the pedometer's estimate of energy expenditure. Because of the simplicity of its use, the pedometer can become a viable instrument to estimate energy expenditure for the physically active population.
